mirrors as said light dividing elements. 



REMARKS 

This submission is in response to the Official Action dated December 9, 2002. 

A Drawing Change Authorization Request is submitted which cancels Figs. 2 
and 2A, renumbers the drawings and amends other parts. This is discussed below. 

A Substitute Specification is submitted herewith. Reference is made to the 
Examiner's Interview Summary dated March 12,2003 referring to a telephone interview with 
applicant's attorney, Gordon D. Coplein, on March 6, 2003, during which it was agreed that 
a Substitute Specification could be submitted. The main purpose of the Substitute 
Specification is to accommodate for the deletion of Figs. 2 and 2A and the renumbering of 
the other Figures of the drawings. 

Also submitted herewith is a copy of a Specification, which is a composite of 
all of the amendments made since the filing of the application up to the time before the 
amendments made in the enclosed Substitute Specification. The amendments resulting in 
the Substitute Specification are marked on the composite. Applicant's attorney believes that 
the composite Specification is correct according to the existing file of the application, but 
would consider any corrections that the Examiner believes necessary. No new matter has 
been inserted. 

Drawings . The comments made by the Examiner directed to the drawings are 
discussed below. 
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a. Figs. 2 and 2A are cancelled. 

b. Fig. 7 (now Fig. 6) reference numbers 7 and 27 have been added. The 



beams produced by the light rays 18 have been made of equal width. 

c. Figs. 3 and 4 (now Figs. 2 and 3). The Examiner questions the 
sufficiency of the Specification relating to the "focusing cone" 1 1 as failing to describe how this 
element transforms the transmitted part of the image to correspond to be displayed on the 
image plane 5 without causing the raster elements forming the part of the image to be 
distorted or have different sizes. This is explained below. 

In Fig. 3 (Fig. 4) as described beginning at page 11, line 17 of the Substitute 
Specification, there are a plurality of acoustic-optical deflectors 1 2. Reference numeral 1 3 
is the sound wave in a deflector 1 2 as produced by an actuated piezoelectric element 14. The 
output 3' of a reflector 12 is applied to a focusing cone 11 (light conductor that widens). As 
the Substitute Specification states (page 12, line 3): 



The focusing cone transforms the size of the transmitted part of the 
image in the conductor 3' so that it will correspond to the size of a 
block of an image to be displayed on the image plane 5. 

The optical outputs 1 1 of the BDS matrix elements should be of a 
shape such that the blocks of the image produced by the matrix of 
elements covers the entire image plane surface 5. For example, the 
cones 11 can be hexagonal shaped as shown on Fig. 4 having the 
row and column lines 16, 17 to which deflector controlling electric 
signals are applied. A number of the cones would comprise a single 
block and a plurality of such blocks comprise the image plane 5 for 
the complete image. 

Thus, the Specification makes it clear that it is the function of the cones 1 1 



(optical elements) to place the image on the plane 5. It would be obvious to a person of 
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ordinary skill in the art to make the optical properties of the focusing cones 1 1 such as to 
display as best as possible the proper shape and size of an image block, have best focus, 
etc. Therefore, it is submitted that the Examiner's objection is not proper and should be 
withdrawn. 

d. Fig. 1. The Examiner comments that the polarizer 4 could not direct a 
block of raster elements onto a corresponding BDS element. The polarizer 4 is described 
(page 7, line 15) as an "optional" element. Referring to page 8: 

display 1 (complementary screen) is a screen, such as a matrix of LED's, 
lasers, etc. Such a screen would emit beams of light. As described beginning at the last 
paragraph on page 9, there is a light beam 7 produced by each light emitting element (pixel) 
of the complementary screen 1 and there are blocks of these beams. 

Referring to page 10, line 4, the blocks of the image on the complementary 
screen 1 are to be transferred to and displayed on the image plane 5. The Specification (last 
paragraph on page 10) continues with a description of the placement of the blocks on the 
image plane 5 by a deflector system - Figs. 2, 3, 4, 5(a), 5(b) (now Figs. 2, 3, 4(a), 4(b). 

Therefore, as seen, the polarizer 4 really plays no part in placement of the 
blocks on the plane 5. Since it is optional, it could be omitted. 

e. Fig. 5(b) (now Fig. 4(b)). The element4 was mis-numbered and should 
have been 1 . This is shown on the drawings of the priority document. Also, it is clearthat the 
element designated 4 is the composite screen 1 since the light rays 7 originate from it. 

Accordingly, it is submitted that all of the objections to the drawings and 

Serial No. 08/995,715 Docket No. 0971/0D319 

Response to Office Action dated December 9, 2002 Page 8 

M:\0971\0D319\MOB0149.WPD *0971/0D319* 



rejections based thereon have either been addressed by appropriate amendment to the 
drawings or explained. 

Claims 48-50, 52, 55-61, 63, 67-69, 71, 73 and 75-79 stand rejected under 
§112, first paragraph, as containing subject matter not disclosed in the Specification in a 
manner to enable a person of ordinary skill in the art to produce the invention. Two points are 
raised: (1) the "simultaneous" division of the raster elements into copies and (2) N image 
blocks. These points are discussed below. 

(1 ) Each of the independent claims 48, 57 and 69 is proposed to be amended 
to delete the use of term "simultaneous". Claim 48 is proposed to be further amended in 
several respects to make the claim read more clearly. That is, it is proposed to make it clear 
that it is the light from the light emitting or light modulating devices (clause (a)) that produces 
a raster element that is divided into parts to form copies (clause (b)). 

(2) In line 1 of clause(d)of claim 48, the letter N was a typographical error and 
should have read P. That is, the N pixels of the complementary screen form a number of 
raster elements. Each of the raster elements is divided into P parts, or blocks. The total 
number M of the pixels in the P blocks is defined as being greater than the original number 
of pixels N. Editorial amendments also are proposed to independent claim 57 to clarify thie 
relationship. 

Independent claim 69 also is proposed to be further amended in clauses (b) and 
(c) to clarify an incorrect term of a "raster element" to the raster of one of the P blocks. Also, 
minor editorial amendments are also proposed to be made to claims 71 , 75, 76 and 78. 
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It Is submitted thatthe amendmerrtshould beentered since ft dearly places the 
applicationincondltlonforallowance. None ofthe proposed amendments raise a new issue. 
TTieamendrnentsaremadetoder^ 

In view of the above amendments and remarks, it Is respectfully requested that 
theapplication be reconsidered andthataO pending claims be allowed and the case passed 
to issue. 

IftheresreanyotherissuesrennalningwhlchtheExaminerbelievescoiildbe 
resolved though either a Supplemental Response or en B*mlners Amendment the 
Examiner is respectfully requested to contact the undersigned at the telephone number 
Indicated below. 

Prompt and favorable action is requested. 



DARBY & DARBY. P.C. 
Post Office Box 5257 
New York, NY 10150-5257 
Phone (212) 527-7700 



Respectfully submitted, 

Gordon D. Coplein 
Reg. No, 19,165 
Attorney for Applicants 
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MARK-UP OF CLAIMS FOR AMENDMENT 
PURSUANT TO 37 C.F.R. $1.121 

48. (Amended) An image display system comprising: 

(a) at least one complementary screen of one of light emitting or light source 
modulating devices producing light in a two dimensional array of N (a real number) pixels, 
from which raster elements comprising one or more pixels are generated; 

(b) a raster multiplying system comprising a plurality of optically connected 
light dividing elements, each said element to divide [a] the light of the raster [element] 
elements of the complementary screen into parts to [simultaneously] form copies of the 



generated raster elements, with said copies of said raster elements to be used in forming 
corresponding raster elements in P blocks, each block generally comprising a two 
dimensional array of pixels; 

(c) an array of controllable modulators to independently modulate each of 
the raster elements for each of said P blocks; and 

(d) a surface on which [N] saidP image blocks of a total number of M pixels 
are formed and displayed, where the number M exceeds the number N and where said 
surface preceding components of (a), (b) and (c) are placed in the mentioned order of the light 
path of the complementary screen. 

49. (Not Amended) A system as in claim 48, comprising a plurality of 
modulators for each of said P blocks. 

50. (Not Amended) A system as in claim 48, comprising a plurality of said 
complementary screens. 

52. (Not Amended) A system as in claim 48 wherein a lens raster matrix 
forms said raster multiplying system. 

55. (Not Amended) A system as in claim 71 further comprising a plurality 
of said complementary screens. 
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56. (Not Amended) A system as in claim 71 further comprising means for 
optic compression of generated raster elements for increasing the dot per inch resolution of 
a scanning light beam. 

57. (Amended) A method forforming an image on an image display surface 
by forming a plurality of constituent blocks of said image, so that the image is presented as 
comprised of a plurality of blocks, comprising the steps of: 

(a) providing at least one complementary screen having a two dimensional 
array of N pixels from which raster elements of one or more pixels are generated with one or 
more of said raster elements to comprise a block of an image; 

(b) using a raster multiplying system comprising a plurality of light dividing 
elements for dividing an incoming light beam of each raster element into parts, with said light 
dividing elements to separate a raster element corresponding light beam into a plurality of 
beam components to [simultaneously] form copies of each said generated raster element 
[with said copies of said raster elements forming corresponding raster elements] in P blocks, 
[said P blocks together comprising M pixels] each block generally comprising a two 
dimensional array of pixels; 

(c) transmitting the formed beam components to an array of controllable 
modulators to independently modulate the beam component corresponding to each raster 
element copy in accordance with control signals applied for each of said P blocks; [and] 

(d) repeating the procedure successively generating other raster elements 
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from said complementary screen with said elements to simultaneously form a modulated 
raster in said blocks; and 

(e) displaying [N formed] the P image blocks having a total number of M 
pixels on an image display surface, where M is greater than N. 

58. (Not Amended) A method as in claim 57 further comprising the step of 
using a plurality of complementary screens. 

59. (Not Amended) A method as in claim 57 wherein a raster element 
comprises more than one pixel. 

60. (Not Amended) A method as in claim 59, further comprising the step of 
subjecting a generated raster element to additional optical compression for increasing dot per 
inch resolution of a sensitive plane scanning beam. 

61 . (Not Amended) A method as in claim 57 wherein a raster element is of 
the size of only one pixel. 

63. (Not Amended) A method as in claim 57 comprising the use of lens 
raster matrix instead of said plurality of light dividing elements. 
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67. (Not Amended) A method as in claim 73 wherein a raster element 
comprises a plurality of pixels. 

68. (Not Amended) A method as in claim 73 wherein a said raster element 
comprises any one pixel. 

69. (Amended) A 3D holographic image display system comprising: 

(a) at least one complementary screen of one of light emitting or light source 
modulating devices in a two dimensional array of N (a real number) pixels, from which raster 
elements comprising one or more pixels are generated; 

(b) a raster multiplying system comprising a plurality of passive and at least 
partly light transmitting elements to [simultaneously] form copies of said generated raster 
elements of a complementary screen, with said raster element copies forming [corresponding] 
a raster [elements] in P blocks with each block generally comprising a two dimensional array 
of pixels; 

(c) an array of controllable modulators to independently modulate [each of] 
the raster [elements for] of each of said P blocks; 

(d) a surface on which a hologram blocks of total number of M pixels are 
formed, where the number M exceeds number N and where said surface preceding 
components of (a), (b) and (c) are placed in the mentioned order of the light path of the 
complementary screen; and 
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(e) a holograph generator for producing a 3D holographic image from said 

surface. 



71 . (Amended) A system as in claim 48 used for image recording further 

comprising: 

(e) a photosensitive plane on which an outer image to be recorded is 
produced, said outer image comprising a plurality of said blocks, each block being of a two 
dimensional array of pixels, and all said blocks comprising M pixels, where the number M 
exceeds the number N, and where said system components of (a), (b) and (c) are placed in 
the mentioned order of the light path of the complementary screen; and 

(f) means to scan said outer image on said photosensitive plane into 
electric signals for recording. 



73. (Not Amended) A method as in claim 57 used for image recording 
wherein said image display surface of step (e) comprises a photosensitive plane on which an 
outer image is produced and further comprising that the step of point (b) is followed by: 

(f) converting the image information received on said plane by the projection of 
said beam components into P electric signals, one signal for one of said P blocks, for 
recording received information for P separate image elements; and 

(g) repeating the procedure by successively generating other raster 
elements on said complementary screen, to simultaneously scan each of P blocks. 
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75. (Amended) A method as in claim 57 further comprising the step of 
generating a 3D image from said image display surface. 

76. (Amended) A method as in claim 57 further comprising the step of 
subjecting raster elements of said complementary screen to additional optical compression 
for increasing dot per inch resolution. 

77. (Not Amended) A system as in claim 48 further comprising means for 
optic compression of complementary screen raster elements for increasing the dot per inch 
resolution. 

78. (Amended) A system as in claim 48 further comprising partly transparent 
mirrors as said light dividing elements. 

79. (Not Amended) A system as in claim 69 wherein an array of light 
dividing elements forms said raster multiplying system. 
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METHODS FOR FORMING/RECORDING 
IMAGE AND DEVICES FOR SAME 



MARK UP OF SPECIFICATION 



Field of the Invention 

The present invention relates to methods and devices for forming 
displaying/recording an image. 

Background of the Invention 

A wide variety of image forming/recording devices are known. However, there 
are just a few methods for forming/recording images on which those devices are based. 
Methods for image forming basically can be divided into two parts: (1 ) physical principles of 
visualizing (there are several such methods), and (2) the manner of applying the signals, that 
is, methods of addressing display elements (there are a few such methods, such as scanning, 
multiplexed addressing, active addressing). The most widely used of these are analog 
addressing (scanning) and discrete (matrix x-y) addressing. 



of the image forming methods and are also basically divided into scanning beam methods 
and matrix addressing methods. Each of the matrix methods for forming an image utilizes a 
row of special devices, whose constructions differ in some details but are based on the same 
working principle. For example, the method of x-y matrix addressing is carried out by a device 



As to the methods for image recording, these are basically just a mirror image 



having a matrix of discrete elements and row and column lines to apply signals to said 
elements. The scanning beam method is provided by a device having a scanning beam 
source, a sensitive display screen, and a focusing and deflecting system. Both of these 
methods may be called additive type methods, as a signal is simply applied (added) to a 
chosen display element of the display screen in order to activate it. 

An important property in image formation is the resolution produced by a 
display. Sometimes the situation regarding resolution is even paradoxical. That is, computer 
displays, the devices most frequently used with computers, have much less resolution than 
other computer peripherals, such as printers, scanners, etc. It is customary to consider that 
the resolution of a display is primarily a technological problem. For example, in the case of 
matrixdevices it is limited by the number of elements of the device. When dealing with a small 
size display, the size of whose elements is small. It also can be shown that resolution is 
related to the addressing technique. For example, in matrix devices that contain a large array 
of small size elements of less than a million such elements, such as in active matrix thin film 
transistor (TFT) liquid crystal displays, the technology of producing such a display and its 
matrix addressing circuits is complex, making the display rather expensive. 

Also, there are cases where it is highly complex, or even impossible from the 
level of existing technology, to produce large multi-element displays, as in the case of light 
emitting diode (LED) displays. Furthermore, increasing the number of elements also 
increases the complexity of the system and consequently the probability that some of the 
elements might break down over time. 
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In the case of devices based on a scanning method, higher resolution may be 
obtained than can be achieved in matrix devices. Here the resolution is determined by the 
diameter of the scanning beam and scanning frequency. But scanning based devices 
generally cannot be made light-weight and flat and usually require high voltage for operation. 
Moreover, in devices having a cathode ray scanning beam, the electrostatic repulsion of 
electrons hinders reducing the beam diameter. Devices using a coherent light scanning beam 
also have relatively large dimensions, a small beam deflection angle, and a complex control 
system. 

Another aspect concerning resolution comes into play while displaying (or 
recording) full motion video. For example, in motion pictures played back at 30 frames per 
second, the higher the resolution (the number of pixels), the higher must be the speed of pixel 
addressing. A customary way to do this is to increase the speed of applying signals 
(frequency increase). But this decreases the time during which a signal is applied to a pixel, 
which is not always compatible to improving resolution. 

Apart from above cited additive type methods, a recent method for rapid 
addressing of display elements forms a picture using the procedure of reverse orthogonal 
transformation (ROT) of a data signal compressed by orthogonal transformation (OT). A 
compressed data signal contains many fewer signal components than a non-compressed one 
so fewer steps are needed to address all the display elements while the procedure of ROT 
is performed directly in the display elements. This is an example of a multiplication type 
method where the signals applied to each display element are multiplied in the element. The 
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method comprises the procedure of inner matrix multiplication of the data signal matrix and 
the address signal matrix. Such a method and apparatus therefor are described in U.S. 
application Serial No. 08/464,900, filed July 3, 1 995, assigned to the same assignee. But this 
method is valid only for matrix devices and though it provides an increase in the speed in 
presenting the image display, it requires a more complex electronic circuit scheme for an 
element than in, for example, an additive type TFT active matrix display, and this consequently 
occupies more space in the display and leads to a decrease in display device resolution. 

Therefore, a need exists for a light and flat device for image forming and image 
recording having a simple structure, a minimized number of active elements, and that 
produces a resolution close to the resolution obtainable with photographic techniques. 

Summary of the Invention and Objects 

An object of the present invention is to provide an image forming/recording 
method and devices therefor having novel and improved characteristics which are not 
obtained by the conventional image forming/recording methods and devices. The method and 
devices of the invention provide increased image forming/recording speed, combined analog 
and discrete matrix control of pixels, a reduced number of matrix active elements, and the 
possibility for image forming/recording directly through OT procedure, while having extremely 
high resolution. 

According to the present invention, there is provided a method and device for 
forming an image that comprises forming an image on an image plane by forming constituent 
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blocks of the image. Each block is formed using at least one complementary screen and the 
blocks are displayed on the image plane by way of a block deflecting system. The 
complementary screen comprises a display (e.g., an LED matrix, injection laser matrix, etc.) 
producing an optical picture having a resolution that corresponds to the resolution of a block 
(e.g., rectangular area) to be produced on the image plane. 

The blocks are formed one by one on the complementary screen and are then 
projected, each in its proper place, for the final image on the image plane. In one embodiment 
of the invention, a deflecting system matrix (matrix of discrete type deflectors) covers the entire 
image plane, that is, the deflecting system is of the size of the image plane. Each deflector 
covers (is of the size of) an area of a block. Electric signals are applied to appropriate row 
and column lines of a deflecting system matrix for the deflectors and reflect the formed block 
onto its proper position on the image plane. 

According to another aspect of the present invention, there is provided a 
method and device for forming an image that comprises forming an image on an image plane 
by parallel forming of constituent blocks of an image through scanning the image plane with 
the help of a complementary scanning screen having a resolution that corresponds to the 
resolution of a block of an image screen. In the method and device the scanning beam for a 
scanning screen is divided into multiple components by a block deflecting system and each 
component of an image is placed into the same point in its corresponding block of an image 
plane for displaying the complete image. While activating different points of the scanning 
screen, each corresponding component scans its own block of the image plane. 
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According to further aspects of the present invention, there is provided a method 
and device for electronic image recording in which an image is recorded through parallel 
scanning of an image plane by constituent blocks of an image by dividing the scanning beam 
into multiple components so that each of the components scans its corresponding block of the 
complete image. 

According to still a further aspect of the present invention, there is provided a 
method and apparatus for electronic image recording that comprises an image formed of 
constituent blocks wherein the scanning pattern is produced with the help of a complementary 
scanning screen and is deflected to the appropriate block of the final image using a block 
deflecting system. 

One embodiment of the invention uses two low resolution screens and a 
procedure that includes multiplying the number of elements of one screen with the number of 
elements of the other screen to obtain an extremely high resolution screen having a number 
of elements equal to a multiplication of the above two numbers (multiplication of the 
resolutions). 

According to still another embodiment of the present invention, devices and 
methods are provided for forming and electronically recording an image which comprise an 
image plane on which the image is present, a complementary scanning screen, and a block 
deflecting system. 

Brief Description of the Drawings 
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Other objects and advantages of the present invention will become more 
apparent upon reference to the following specification and annexed drawings, in which: 
Fig. 1 diagrammatically shows the basic structure of the present invention; 
[Figs. 2 and 2A are embodiments of a block deflecting system (BDS) element;] 
Fig. [3] 2 is transverse view of another embodiment of a BDS elements; 
Fig. [4] 3 is front view of a further embodiment of a BDS elements; 
Fig. [5a] 4(a) is another variant of a BDS elements; 
Fig. [5b] 4(b) is a modification of the BDS elements of Fig. [5a] 4(a) ; 
Fig. [6] 5 is an embodiment of a complementary screen; 
Fig. [7] 6 shows a holographic variant of an image forming device; 

Description of the Preferred Embodiment 

Referring to the drawings, Fig. 1 shows the basic structure of a device 
according to the present invention, which also can be used to implement the invention. 
Reference numeral 1 denotes the complementary scanning screen, 2 -an optic condensing 
system (optional), 3 - an optical transmission cable (optional), 4 - a polarizer (optional), 5 - the 
image plane on which the final image of higher resolution is to be formed, 6 - BDS (block 
deflecting system) matrix elements (described below), and 7 - scanning light beams. 

In Fig. 1 , the complementary screen 1, illustratively is a display formed in a 
matrix of elements connected to row and column lines. Matrix element addressing is 
performed by applying to the row and column lines appropriate signals for controlling the light 
emitting elements. The complementary screen 1 produces an optical picture that corresponds 
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to a block of the image plane 5 on which the complete image is formed. The picture on 
screen 1 is formed either by any traditional addressing technique or speeded addressing 
using an orthogonal transformation OT addressing procedure, as described in the aforesaid 
priorapplication. Display 1 can be eithera matrix of light emitting elements (e.g., an array of 
LED devices, injection lasers, etc.), or a matrix of elements that controls light transmission and 
light reflection. An outer signal (e.g. , a video signal received by cable, RF transmission, etc.) 
is presented on complementary screen 1 (or computer transformed) in a manner to be broken 
up into the sequence of the blocks to be displayed on the image display 5. 

An illustrative physical size of a block corresponds to the size of the 
complementary screen 1 , e.g. , 2.5x2.5 cm having 1 00x1 00 pixels - 4 pixels per mm/. In order 
to increase brightness and the pixel density, the image of the block on the complementary 
screen 1 can be optically compressed, e.g., 0.5x0.5 cm - 20 pixels per mm, to suit the size of 
a block to be finally displayed on the image plane 5. 

The complementary screen 1 has a deflector system comprising a matrix of 
100x100 elements, i.e., to correspond to 100x100 blocks. Each element is of the size of a 
block, so that the total screen size of 50x50 cm one obtains is 1 0 4 pixels in a block compared 
to 10 3 pixels to the total display. 

An image formed on the blocks of complementary screen 1 is optically 
transmitted to a BDS matrix that adjoins the image plane 5. The BDS matrix has a number 
of elements corresponding to the number of blocks that are to be formed on image plane (e.g., 
in the case of 1 00x1 00 blocks it has 1 00x1 00 elements). Each of the BDS matrix elements 
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deflects the elements of the block for forming an image on the image plane so that the image 
formed by the image plane blocks cover the whole plane. 

The image forming/recording procedures and devices of the invention utilize 
multiplication procedures based on outer matrix multiplication. Consider that A is a matrix 
representative of a complementary screen 1 matrix comprising N ■ N elements, A= {a M }; 
ij=1,N. An element of matrix A corresponds to a pixel of the block formed on the 
complementary screen 1 . 

D is a matrix representative of a deflecting system (operator) matrix comprising 
P-P elements, D={d k1 }; k,1=1, P. An element of matrix D corresponds to a block of a matrix 
B. 

B is a matrix representative of an outer multiplication of matrix D with matrix A 
comprising M-M elements divided into P-P blocks each having N*N elements, B={b M jj}; 
i,j=1,N; k,1=1, P, an element of matrix B corresponds to a pixel of an image plane. 

For example, in a case where N=100, P=100, the number or elements of the 
matrix A=NXN=1 0,000, of the matrix D=PxP=1 0,000, and the total number of pixels obtained 
on image plane 5, representative of matrix B=NPxNP=1 00,000,000. This is the number of 
discrete elements that have a common matrix screen with the same resolution should have. 
In the example described, there are only 20,000 discrete elements for the same discrete 
addressed screen (this points out the technological gain and simplicity). 

A light beam 7 is emitted from each light emitting element (pixel) of the 
complementary screen 1 and the light beam is amplitude modulated in proportion to the 
voltage applied to that element to control its information display content, e.g., color, hue, grey 
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scale, etc. In order to increase the density and increase brightness of each complementary 
screen 1 element (pixel), an optic condensing system 2 may be used. Light beams formed 
on the complementary screen image 1, passing through condensing system 2 are 
compressed to form an image of smaller size than that appearing on complimentary screen 
1. 

The blocks of the complete image formed on complementary screen 1 are to 
be transferred to and displayed on the image plane 5 in a block by block sequence. Where 
the complementary screen 1 is located at a distance from the image plane 5, a light conductor 
3, e.g., fiber optic cable, is used to transfer a formed block of an image from screen 1 to the 
image plane 5 where the complete image is to be formed. The complete image is displayed 
in blocks in their proper places on the image plane 5 through a matrix of BDS elements, 
described below. The light conductor 3 can include the necessary conventional optic 
elements - e.g., focusing cone, self focusing optic cable lens, etc., for further block image 
compression. 

The proper place to display each block on image plane 5 is selected by 
applying voltage to the proper element (deflector) of the BDS matrix. Where necessary, 
special fluorescent covering of the image plane is used in order to transform coherent directed 
light into non-coherent dispersed light or to transform non-visible light produced by the 
complementary screen 1 into visible light, e.g., a liquid crystal image transformer may be used 
as an image plane. This uses the electro-optical effect in liquid crystals when falling light 
changes the conductivity of the photoconductive layer and potential relief of an adjacent liquid 
crystal layer that leads to an electro-optical effect in the liquid crystal layer that results in 
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appearance of an image that can be directly viewed. The procedure is repeated forforming 
the entire image on image plane 5 block by block. 

The BDS matrix is made in the form of a matrix of discrete type deflectors, e.g., 
acoustic optical deflectors, electro-optical deflectors, liquid crystal deflectors, etc., comprising 
line elements that deflect light produced by complementary screen 1 image into the 
appropriate line of the deflecting system matrix, and plane elements that deflect the light from 
the line onto the image plane 5 to reproduce the block of the image on the image plane. The 
BDS deflectors are connected to appropriate row and column lines and driven by electric 
signals applied to these lines. 

[In Fig. 2, a BDS element comprises mirror plates 8 placed in accordance with 
the line-by-line raster of the image block of the complementary screen 1 . Mirror plates 8 are 
placed one above the other, with each plate corresponding to a scanning line of the image 
block of the complementary screen 1 . Kerr-effect based double refracting crystal plates 9 are 
layered over the mirror plates 8 and transparent electrodes 1 0 are placed between the plates. 
Control voltages are applied to the transparent electrodes 10 via row and column lines.] 

[In case no voltage is applied to the electrode 1 0 on each side of a plate 9, the 
crystal plate 9 remains in an optical isotropic state and light from beam 7 transmits without 
deflection, passing through transparent areas between the mirror plates 8. When voltage is 
applied to the electrodes 10 of a plate, an electric field is produced in the crystal plate 9 
between the electrodes. The electric field is similar to the field of a plane condenser and may 
be considered uniform if the plates are thin enough. This produces an optical isotropic crystal 
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state due to the Kerr-effect, which has a double refracting state and produces double light 
refraction of the incident beam 7.] 

The incident light beam received by the BDS element from the complementary 
screen 1 is divided into ordinary and extraordinary ray components. An extraordinary ray 
component 7 is deflected to the reflecting area of the mirror 8 from which it is reflected and 
falls onto the image plane 5. An ordinary ray component has another trajectory and can be 
eliminated using the polarizer 4. This is an optic polarizing filter that passes light with the 
proper fixed orientation of its polarization plane. That is, the ordinary rays do not produce any 
effect on the image plane 5. The ordinary rays are eliminated,, e.g., by the use of a polarizer, 
and the resolution can be improved by the use of the condensing system 2 and by increasing 
the number of BDS matrix elements. 

[Another] An embodiment of a BDS element is shown in Figs. [3] 2 (transverse 
view) and Fig. [4] 3 (front view). Here, a BDS element that corresponds to each element of 
the complementary screen image block comprises an acoustic-optical deflector 1 2 in which 
an acoustic wave 13 is produced using a piezoelectric element 14. The acoustic wave is 
received by a sound wave acceptor 1 5. Each deflector is connected to light conductors 3. 
By applying an electric signal to a piezoelectric element 14 using a row and column matrix 
addressing system, the chosen deflector 12 is activated and the received light beam 7 is 
refracted by the sound wave and deflected into a light conductor 3\ whose end has a focusing 
cone 1 1 (light conductor that widens along the light beam axis diameter). The focusing cone 
transforms the size of the transmitted part of the image in the conductor 3' so that it will 
correspond to the size of a block of an image to be displayed on the image plane 5. 
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The optical outputs 1 1 of the BDS matrix elements should be of a shape such 
that the blocks of the image produced by the matrix of elements covers the entire image plane 
surface 5. For example, the cones 1 1 can be hexagonal shaped as shown on Fig. [4] 3 having 
the row and column lines 1 6, 1 7 to which deflector controlling electric signals are applied. A 
number of the cones would comprise a single block and a plurality of such blocks comprise 
the image plane 5 for the complete image. 

To further explain, each cone comprises a block. Deflectors 1 2 are activated 
by electric signals, applied e.g. , through a common transistor matrix having row and column 
lines 16, 17 (each transistor connected to a corresponding deflector). In the described 
example, the cones themselves can form the image plane 5. 

The resolution of the complementary screen 1 is multiplied by the number of 
deflectors comprising the BDS matrix. The image is formed consequently block by block, 
activating deflectors one by one and each block has a resolution of a screen block. 

Instead of a matrix formed complementary screen 1 , a non matrix collimated 
light beam may be used for the producing the screen. This is, for example, referring to Fig. 
[6] 5, an active element 2 1 on the base of a semiconductor laser (similar to one used in laser 
projection devices) that is scanned by a cathode ray beam, produced by the beam source 1 9 
and deflected by the deflecting system 20, producing an output having a resolution equal to 
that of a block of an image plane. An example of a non-matrix complementary screen 1 is a 
"quantoscope" in which a cathode ray beam scans a semiconductor layer and induces laser 
radiation. This is a well known device. 
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In order to speed the image forming, more than one complementary scanning 
screen 1 may be simultaneously used and more than one BDS used to form blocks of an 
image on the image plane 59. That is, several blocks can be scanned from the 
complementary screen 1 and several blocks reproduced on the image plane 5 by several of 
the BDS devices at the same time. 

A method for image recording is similar to that of image display as described 
above. To accomplish image recording, the light beams from different elements of a 
complementary scanning screen 1 scan a type of an image plane that can result in formation 
of output electric signals. This type of image plane is, for example, a photosensitive target 
where an electrostatic image is formed corresponding to the received light image. 
Commutation of the image elements is performed either by transforming the scanning light 
beam into an electron beam through an outer photoeffect or using a directly scanning light 
beam to commute image elements through an inner photoeffect. 

For example, an image plane may comprise two separated photosensitive 
layers having a non-transparent conductive layer therebetween. Image forming light falls onto 
the outer photosensitive layer and changes its conductivity proportional to luminosity (light, 
color intensity). A scanning beam from the complementary screen changes the conductivity 
of the inner photosensitive layer. The non-transparent conductive layer placed therebetween 
hinders mixing of scanning and outer image forming light and closes the circuit. The resulting 
output electric signal is proportional to the current value, and consequently to luminosity, 
produced by the light received by the outer image forming layer of the image plane. The 
resultant signal is outputted block by block. Block scanning may be performed either point by 
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point or by using different scanning masks corresponding to different OT basic functions - 
scanning with the transformation. 

The above describes the process of transforming a light image into an electric 
signal. The output electric signal can be then recorded in a suitable recording medium - 
magnetic tape, etc. The resolution can be increased due to the manner of scanning - by optic 
compression scanning of the raster with the help of a condensing system 2. It is easier and 
more effective to decrease the diameter of the light dot by optic methods than to decrease the 
diameter of the electron beam and increase the number of image plane scanning points, 
which is equal to the multiplication of the complementary screen 1 pixels to the number of BDS 
matrix elements. 

Another embodiment of the image forming/recording uses parallel image plane 
scanning and utilizes another construction of the BDS matrix element. The principle of parallel 
image plane scanning is illustrated in Fig. [5a] 4(a) . 

Here, in an embodiment of a BDS matrix element, the elements (pixels) of the 
complementary scanning screen 1 are activated one by one. The light beam emitted by each 
complementary screen element (pixel) is separated ny plane BDS elements into the number 
of components and each component is deflected into a corresponding block and 
corresponding element of the block of the image plane. The BDS matrix is preferably located 
behind the image plane. 

All of the elements of the complementary screen 1 are activated one by one. 
By scanning the whole image plane 5, output signals are independently outputted from all of 
the scanned blocks of the image plane. 
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Here, as shown in Fig. [5a] 4(a) , BDS elements 18 are made in the form of 
partly transparent mirrors with coordinated coefficients of light transmission and light 
reflection. For example, there are three mirrors 1 3a, 1 3b, 1 3c in a line of a block deflecting 
system matrix that receives the light rays from the complementary screen 1 . The first mirror 
13a reflects 1/3 and transmits 2/3 of the light beam, the second mirror 13b reflects 1/2 and 
transmits 1/2 of the light passing through the first mirror, and the third mirror 1 3c reflects all of 
the light it receives and transmits none, so that each mirror reflects a light beam of equal 
intensity. The light rays 17 reflected from the mirrors are directed to fall onto the display 
screen 5. 

Fig. [5(b)] 4(b) illustrates an arrangement where all the constituent blocks of the 
image plane are all scanned together in parallel. Complementary screen 1 this time forms a 
raster image (e.g., TV raster), so that each mirror deflects a corresponding part of the light 
emitted from screen 1 into the corresponding block of image plane 5 (each mirror 
corresponds to a block of an image plane). In the case of image recording, mirrors can be 
placed directly behind the image plane associated, if necessary, with light focusing plate 30. 
In the case of image forming, there should be additionally used a space-time modulator - a 
matrix comprising an array of light modulators - placed between the image plane and the BDS 
matrix in order to independently modulate (gray scale, hue, etc.) the raster forming light in each 
block. 

The BDS matrix that comprises light dividing elements (that partly transmit partly 
reflects falling light) may be called an image multiplying matrix (IMM). The IMM multiplies 
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falling light into a number of components corresponding to the number of elements of the 
matrix. Another variant of an IMM is a lens raster. 

Along with a planar variant construction of image multiplying matrix (IMM) (Fig. 
[5a)] 4(a)) , where light direction is perpendicularto the IMM plane, there may also be a non- 
planar variant where the light direction is mostly perpendicularto the IMM plane (Fig. [5b)] 
4(b)) , e.g., presented by lens raster matrix 30 where light 7, formed by the image producing 
mean 1 , is divided into the number of components corresponding the number of lenses 23. 

In case of imageforming, light amplitude is modulated in each block separately 
and simultaneously (this time each of the BDS matrix elements apart from mirror deflector thus 
must comprise a light modulator). This modulation can be performed using customary used 
procedures for light beam amplitude modulation, so that electric signals controlling the 
process of modulation are supplied to each block separately. 

Though passive element block deflecting systems can provide higher resolution 
because of more simple construction of block deflecting system matrix elements, and 
consequently possible higher degree of compression of the complementary scanning screen 
image, scanning with a transformation cannot be implemented. 

According to image/recording method and devices of the present invention, the 
number of active elements are minimized, resolution increased considerably, and the device 
can be of low weight and small size. 

Fig. [7] 6 shows a holographic variant of an image forming device. The 
elements are: 1 - complementary scanning screen, 2- optic condensing system, 7- hologram 
forming light, 18- light dividers, 22- light multiplying matrix, 23- focusing elements, 24, 25- 
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mirrors, 26- laser, 27- image restoring light, 28- laser beam widener, 29- light modulating 
screen, 30- a holographic optic element matrix (focusing plate), 3 1 - hologram forming plane, 
and 32- holographic image forming light. 

On complementary scanning screen 1 is presented a high resolution display 
(e.g., 5x5 cm, 2500 Ipi). This display is produced by a cathode ray tube, laser projection 
system, etc. That is, a high resolution raster picture of a block of an image to be formed is 
created. The block of the complementary screen 1 is optically condensed to obtain a 
resolution needed for holography (e.g., a block of 0.5x0.5 cm, 25,000 Ipi). To explain further, 
a hologram-3D picture is formed as a result of diffraction of coherent light on a periodic 
structure (e.g., formed on a film). In order for the diffraction to take place, a typical light 
wavelength, 0.4-0.7x1 0' 6 m the period of the periodic structure should be comparable to that 
of the light wave. The resolution 25,000 Ipi - 10" 6 m is the minimal resolution needed for 
holography. The compressed block image is transmitted by reflection from mirror 24 to the 
deflecting matrix 22, in which it is multiplied by light dividing matrix elements 1 8 into many 
blocks covering the whole plane ofthe matrix 22. Screen 1 formsarasterpicture(e.g.,TVIine 
raster), each raster forming dot is divided by elements 18 of IMM 22 into a number of 
components, corresponding to the number of blocks to be formed on plane 31 , so that each 
component simultaneously forms a raster in its corresponding block. All ofthe blocks together 
cover the whole image plane. 

The light modulating screen 29 (space-time modulator) receives the light from 
the light deflection matrix 22 and is a two coordinate matrix of light modulators. To form a 
periodic picture peculiarto each block, a raster should be amplitude modulated in each block 
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independently. This is done using a space-time modulator - a matrix comprising an array of 
light modulators, so that one modulator corresponds to one BDS matrix element and one 
block to be formed. The light modulators are devices containing modulating media with optic 
characteristics controlled by electric signals. Each light modulator element can be driven with 
control signals, which are either computer calculated or transmitted by radio, independently, 
according to the signals applied. Each light modulator element modulates the received light 
into a holographic (i.e., interference type) representation that corresponds to the appropriate 
part of a hologram proper to each block. 

The holographic optic element matrix 30 focuses each block image onto the 
hologram forming plane 31 . This plane 31 has, for example, a layer of photochrome material 
sensitive to complementary screen emitted light. Thus, on hologram forming plane 31 is 
formed a large scale hologram presenting an array of (e.g. , 50x50) small blocks covering the 
whole plane surface (this time 25x25 cm). The matrix of holographic optic elements 31 
focuses light in a narrow spectral interval corresponding to specter emitted by complementary 
scanning screen 1 . That is, it should not focus image restoring light 27 (this is a limitation 
present in a compact construction of the screen where the same deflecting matrix 22 is used 
to form both hologram and restoring light). In other variants e.g., matrix 22 is used only to form 
a hologram and restoring light 27 flooding plane 31 is formed by any of the different ways may 
as well be used lens matrix. 

In essence, elements 23 of focusing plane 30 should focus only periodic picture 
forming light 7, but not image restoring light 27. This can be done using the holographic optic 
elements. 
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Laser 26 produced coherent light 27 after diffraction on hologram plane 31 , 
produces a three dimensional (3-D) image formed by diffracted light 32. The image may be 
viewed directly or projected onto a large screen by a projection system. The use of three 
lasers, one for each color component, allows formation in the same way of a 3-D color image. 
As a holographic image restoring light may be also used that produced by mercury vapor 
lamp. 

Instead of matrix of light dividing elements as well can be used a lens raster 
matrix, e.g., Fig. [5b] 4(b) , having one lens for a block, naturally lenses maybe substituted by 
holographic optic elements, i.e., light focusing holograms. Method presented comprises 
immediate synthesizing of a hologram without the use of reference beams. 

In methods for parallel image forming and recording, image producing mean 
is used to form pattern image (PI ) that is further (in case of image forming) to be modulated, 
e.g., PI maypresenta point-like raster, line raster or a Fourier raster. The first two are space- 
time separated in respect to plane 31 of Fig. [7] 6. The raster points are consecutively 
activated and do not overlap on plane 31 , the latter one is just time separated - each raster 
element may occupy the sole plane 31 , and the image F(x,y) is formed by multiple exposition 
of such modulated elements. In other words, the image F(x,y) can be formed either by 
modulating line raster or forming a sum of modulated OT (orthogonal transformation) basic 
functions (BF) as in the above mentioned application. F(x,y) = £a n cp n (x,y) where BF cp n (x,y) 
presenting, e.g. , two periodic sinusoids that are formed on screen 1 . Modulating coefficients 
a n are set independently for each block by space-time modulator 29. 
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In case the resolution of the described holographic device is high enough, there 
is a possibility of not only electronically forming a visual holographic picture but also obtaining 
its hard copy, i.e., the holographic device used for forming the image may be used as a part 
of a holographic printing device. In general, there are two kinds of holograms: those needing 
coherent light for visualizing and those that can be visualized in daylight. The first are mostly 
plane holograms - a diffraction picture is a plane diffraction picture produced in a thin 
photoemulsion layer of a film. The second are non-plane - a diffraction picture is a 3-D 
diffraction picture produced in a thick photoemulsion layer of a film and presents multiple 
diffraction layers. To form a hologram of this type a coherent light reflected from an object and 
that not reflected fall onto opposite sides of a film). 

A holographic image formed on a device is similar to that produced by a real 
object lighted with a coherent light. It also may be projected on a front surface of a thick 
photoemulsion film. The.back surface of a film is illuminated with the same coherent light, 
produced by an image restoring light source, that is dispersed with help of, e.g., the IMM of 
Fig. [5a] 4(a) . In a thick photoemulsion layer of a film there is then formed a 3-D hologram that 
is furtherto be processed in a customary way in a photodeveloping machine to make a hard 
copy of a holographic image that can be viewed in daylight. 

Specific features of the invention are shown in one or more of the drawings for 
convenience only, as each feature may be combined with other features in accordance with 
the invention. Alternative embodiments will be recognized by those skilled in the art and are 
intended to be included within the scope of the claims. 
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All cited documents are incorporated by reference in their entirety. In case of 
conflict, the present specification controls. 
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